This paper presents a software package (ELLIPSE-COMP-2002) for the simulation and control of ellipsoidal mandrels winding in the manufacture of composite structures. The winding machine is controlled by a numerical-control unit. The deposit point of the fibre on the mandrel follows the geodesic lines to optimise the consumption of the ribbon and avoid fibres sliding over the mandrel.
-INTRODUCTION.
The filament winding of revolution bodies to manufacture composite structures presents more advantages due to the automation /1/: reduction of cost; confection of large structures; high production; better mechanical properties... 
MATHEMATICAL ANALYSIS

Generalities
The purpose of this analysis is to wind the ellipsoidal structures following the geodesic lines. Two movements are of interest: the rotation of the mandrel ß 0 and the location of the feed-eye A; the geodesic lines are obtained by synchronizing these two movements.
Clairaut has defined the relation between the radius of the mandrel R and the winding angle ψ at current point Μ on A revolution surface by 131:
Moving from equation (1), and taking into account the geometrical data with regard to the structure to wind, we have to determine the general form of the 
-Geodesic equation.
The mandrel considered ( Fig. 1) is an ellipsoid of centre point Ο represented in three projections: the spatial view ( Fig. 1-a) , the longitudinal section ( Fig. 1-b ) and the transverse section ( Fig. 1-c) ; each of these sections is an ellipse. The principal axes of the mandrel 
Taking into account equations (1), (2), and the parameters defined in Figure 1 , we can determine the geodesic line on the mandrel by the following equation: 
and:
with: 
-The feed-eye movement.
Μ is the setting point, it is the point where the fibre takes off the mandrel (Fig. 1) ; and Ε the location of the feed-eye in the space, it is the centre point of its opening on the mandrel side. The winding criteria being to maintain the feed-eye at constant distance λ to the setting point, we have:
So, the coordinates of the feed-eye location (X E ,Y E ,Z EJ ) are defined by:
4 -The feed-eye rotation .
The width of the band to depose on the mandrel can varies from few millimeters to some dozens; in that last case, a rotation Φ of the feed-eye around the (E,y) axis is required to avoid the puckering of the ribbon (Fig. 2) .
By travelling through the fee-eye, the direction of the fibre is assigned to remain parallel to (o,y) for simplifying the expression of ΰι(Φ). 
Limited equations
We are interested by the geodesic equation and the feed-eye location in the case of constant elliptical cross section of the beam (Fig. 3) : the bigger axis of ellipse a ( Fig. 1-b) , is infinite,y(jc)=land/'(x)=0.
Fig. 3-a: The longitudinal view of the beam
Hence, taking into account the parameters defined in (Fig. 1 ) and the nature of the beam represented above (Fig. 4) 
-Programming
The software ELLIPSE-COMP-2002 developed in an IBM/PC micro-computer with graphical features makes it possible to control the following parameters:
• the mandrel rotation ß Q ;
• the setting point location M.
• the geometrical data of the mandrel-
• the winding process.
The software is written in Turbo-Pascal language.
The programme generates a file in which the necessary parameters to the numerical control unit are stored.
When operating the machine, this file has to be loaded in the control unit through the RS-232 interface. The procedure for the software can be summed up by the organization chart below:
ORGANIZA TION CHART OF THE SOFTWARE
-Simulation
After introducing the geometrical parameters of the mandrel, the machine and the fibre, the simulation starts by drawing the geometry of the mandrel in a three 
